Introduction {#sec0005}
============

Giant cell tumor (GCT) is a benign bone tumor with aggressive characteristics. It represents approximately 5% of primary bone tumors and about 15% of benign bone tumors.[@bib0095]

It consists of giant osteoclast-like cells interspersed with a hypercellular and vascularized stroma, which differentiates it from other tumor or pseudotumoral lesions, such as chondroblastoma, brown tumor of hyperparathyroidism, and aneurysmal bone cyst.[@bib0100]

It is more prevalent within the third and fourth decades of life, and is most commonly located in the epiphyseal region of the long bones. The most affected areas are the distal femur, proximal tibia, and distal radius.

Campanacci et al.[@bib0105] classified GCTs into three types according to their biological behavior, radiographic appearance, and degree of bone destruction ([Fig. 1](#fig0005){ref-type="fig"}). Type I are considered latent and are represented by small, intraosseous lesions. Type [II]{.smallcaps} are active and radiographically larger, but with intact periosteum. Type [III]{.smallcaps} are aggressive, extending throughout the periosteum and surrounding tissues.[@bib0105], [@bib0110], [@bib0115]Fig. 1Campanacci classification.[I]{.smallcaps}, quiescent, intraosseous lesions; [II]{.smallcaps}, active, with intact periosteum; [III]{.smallcaps}, aggressive, with invasion of soft tissues.

Surgical treatment is usually necessary. Surgery aims for complete tumor resection, preserving bone architecture and joint function, correction of the defect created with techniques such as autograft, homograft, arthrodesis, non-conventional endoprostheses, and filling with bone cement.[@bib0120]

Intralesional resection is usually the treatment of choice for Campanacci [I]{.smallcaps} and [II]{.smallcaps} tumors.[@bib0095] This should be accompanied by one or more local adjuvant methods (electrocautery, phenol, liquid nitrogen, argon plasma coagulation, etc.) in an attempt to decrease the chance of recurrence.[@bib0100] Campanacci [III]{.smallcaps} tumors, due to their size and local aggressiveness, are usually best addressed through wide resection with defect correction.[@bib0095], [@bib0120]

They present high rates of local recurrence, which depends on the type of treatment and initial presentation of the tumor. The risk of systemic dissemination (lung metastasis) is approximately 3%.[@bib0095]

This study assessed nine patients diagnosed with locally advanced GCT at the knee level and the outcome one year after surgery. The tumors classified as Campanacci [III]{.smallcaps} were included in this study, as well as cases of pathological fracture.

This study aimed to evaluate the results of the treatment of these patients, especially in relation to relapse, and to review the literature on the treatment of locally advanced GCT at the knee.

Methods {#sec0010}
=======

Between October 2010 and August 2014, nine patients diagnosed with locally advanced GCT at the knee (distal femur and proximal tibia) underwent surgical treatment. The diagnosis of the lesions without fracture was confirmed by percutaneous biopsy using a Jamshidi needle. In cases with pathological fracture, after local staging and surgery, the diagnosis was confirmed by histologic study.

The inclusion criteria were: patients diagnosed with Campanacci [III]{.smallcaps} GCT at the knee or who presented pathological fracture as a diagnosis. Predominant location was the distal femur, observed in 87.5% (seven patients), and the proximal tibia, in 13.5% (two patients).

Patients were divided according to sex, age, tumor location, presence of pathological fracture, and type of treatment ([Table 1](#tbl0005){ref-type="table"}).Table 1Data of the patients selected for the study.Table 1SexAgeLocationFractureTreatmentPatient 1Male36Distal femurNoCurettage + cementPatient 2Male39Distal femurNoCurettage + cementPatient 3Male29Distal femurYesCurettage + cementPatient 4Male32Distal femurYesCurettage + cementPatient 5Male35Distal femurNoResection + endoprosthesisPatient 6Male26Proximal tibiaNoCurettage + cementPatient 7Female41Distal femurNoCurettage + cementPatient 8Male34Distal femurNoCurettage + cementPatient 9Female32Proximal tibiaYesResection + endoprosthesis

The most commonly used treatment method was curettage of the lesion, followed by an adjuvant method with electrocauterization and bone cement, in seven patients. Two patients underwent *en bloc* resection of the lesion and joint replacement using non-conventional endoprosthesis. For these patients, significant bone destruction with tumor extension to the neighboring soft tissues was observed, which made any other more conservative method unfeasible. In cases of pathological fracture of the distal femur, the authors chose to approach the tumor, performing curettage of the lesion with electrocauterization of the tumor core, reduction of the deviated fragments with anatomical reduction of the articular surface, fixation with a special plate with locking screws, and lesion cementation. For patients with pathological fracture of the proximal tibia, extensive resection was performed with endoprosthesis replacement.

Evaluation of bone destruction through radiographs and magnetic resonance imaging or computed tomography was paramount to define surgical strategy. In patients whose lesion did not allow anatomical bone reconstruction, resection and replacement with endoprosthesis were chosen, regardless of the presence of a pathological fracture.

Patients were evaluated every 15 days in the first month, with monthly follow-up appointments up to the third month, and follow-up appointments every three months until one year of surgery. Patients who did not present relapse in the first two years after surgery were considered cured. However, follow-up is annual for an indefinite period.

Results {#sec0015}
=======

A predominance of males was observed. Out of nine patients evaluated, seven were male (77.7%) and two female (22.2%; [Fig. 2](#fig0010){ref-type="fig"}). Patient age ranged from 26 to 41 years.Fig. 2Percentage of patients according to gender.

Four patients (44%) developed local recurrence ([Fig. 3](#fig0015){ref-type="fig"}) within first postoperative year, three in the distal femur and one in the proximal tibia ([Fig. 4](#fig0020){ref-type="fig"}). Of the two patients who presented a pathological fracture of the distal femur at the time of diagnosis, one presented recurrence five months after surgery. [Fig. 5](#fig0025){ref-type="fig"} shows patient 1, who underwent curettage of lesion associated with bone cement in the distal femur, combined with plate fixation. After 11 months, patient presented a bone defect in the posterior cortex due to tumor growth.Fig. 3Percentage of recurrences found in the study after one year.Fig. 4Location of the tumor and number of recurrences.Fig. 5Patient 1 in the immediate post-operative period and in the relapse at 11 months.

In cases of recurrence, patients' main complaint was reappearance of pain. A new staging with imaging tests was performed to confirm relapse. In one of the patients (patient 3), a new curettage and cementation were performed, with good outcome. For the other three patients, *en bloc* resection and replacement with endoprothesis was performed ([Table 2](#tbl0010){ref-type="table"}).Table 2Data of patients who presented recurrence.Table 2LocationAgeSexMonths until relapseTreatmentPatient 1Distal femur36Male11EndoprosthesisPatient 2Distal femur39Male9EndoprosthesisPatient 3Distal femur29Male6New curettagePatient 4Proximal tibia26Male8Endoprosthesis

Discussion {#sec0020}
==========

GCT is considered to be a benign lesion, despite its potential for local aggression, recurrence, and occasional lung metastases.[@bib0125] The frequency of these is approximately 1%--3%, which can be higher in cases with local recurrence, especially when located in the soft tissue.[@bib0130]

This tumor does not remain latent. A small lesion tends to evolve and lead to the progressive destruction of the affected bone.[@bib0135] Therefore, surgical treatment should be indicated and performed as early as possible.

Curettage associated with an adjuvant method has been defined as the preferred treatment for most cases of GCT.[@bib0095], [@bib0140], [@bib0145] This option presents a better functional outcome, but is associated with a higher chance of relapse, as evidenced in some studies.[@bib0120], [@bib0125], [@bib0150] Wide resection has the advantage of lower chance of relapse, as it removes the tumor entirely. It is usually reserved for cases of extensive bone destruction, in which joint reconstruction is not feasible.[@bib0095], [@bib0155] Several studies have advocated the use of this technique in Campanacci [III]{.smallcaps} tumors, aiming to reduce the risk of recurrence and biomechanical failure.[@bib0115], [@bib0120] Complete bone resection can also be performed in some cases without marked functional impairment, such as in the ulna, fibula, and small bones of the hand and foot.[@bib0095], [@bib0100], [@bib0135]

However, patients affected by this type of tumor are usually young, and therefore there is a concern to preserve the joint surface and avoid possible early arthroplasty. Joint replacement by non-conventional endoprosthesis brings some disadvantages, such as the need for revision and the risk of successive revisions. Thus, some studies indicate a preference for more conservative reconstruction methods in the treatment of these lesions, in the hope that primary procedure will be definitive. The use of bone cement is a well-established method that presents good long-term oncological and functional results. Regarding the possibility of arthrosis secondary to the use of bone cement, Baptista et al.[@bib0110] published a retrospective study of 46 cases of GCT undergoing curettage and cementation, concluding that the distance from cement to subchondral bone has a prognostic relationship to the development of osteoarthritis, but not to final functional outcome of the patient.

The incidence of GCT recurrence varies in the literature. Dahlin et al.[@bib0160] published a study with 60% of local recurrence in GCT patients who underwent curettage and grafting, and recommended a more aggressive resection for local control. The use of methylmethacrylate associated with cauterization of the cavity as local adjuvants in the treatment of GCT significantly decreased the rate of recurrence.[@bib0115] In a literature review, Zhen et al.[@bib0165] showed varying recurrence rates, from 12% to 54% within seven years of follow-up ([Table 3](#tbl0015){ref-type="table"}). Klenke et al.[@bib0155] observed recurrence rates ranging from 0% to 65%, depending on surgical method. In the present study, 44% of recurrences occurred in the first postoperative year, a period in which the frequency of relapse is greater. However, unlike other studies, only locally aggressive Campanacci [III]{.smallcaps} tumors were included in the present study.Table 3Percentage of recurrence in the studies analyzed by Zehn.Table 3AuthorNumber of patientsRecurrence (%)Dahlin, Crupps, and Johnson3741Goldenberg, Campbell, and Bonfiglio13654Larsson, Lorentzon, and Boquist3047Marcove et al.5223Sung et al.3441McDonald et al.8534Jacobs and Clemency1217Campanacci et al.15127Waldram and Sneath1937O'Donnell et al.6025Blackley et al.5912

Baptista[@bib0145] indicated that in the presence of fractures with significant deviation, marked deformity, or significant impairment of three cortical areas, the safest procedure is segment resection, from both the oncological standpoint and to reduce morbidity. That author concluded that the approximate volume of tumor, presence of cortical involvement, percentage of the epiphysis width affected, and distance between the lesion border and the articular surface were statistically significant radiographic parameters for the indication and/or prognosis of the treatment with curettage associated with electrocauterization of the lesion wall and filling with bone graft, a technique assessed in his study. Tumor prognosis is directly related to quality of the technique of curettage and/or resection used, and not only to the method of reconstruction or filling.[@bib0115], [@bib0120], [@bib0135]

Presence of pathological fracture and tumor extension to soft tissues is a controversial subject in the literature.[@bib0095], [@bib0120] McDonald et al.[@bib0170] concluded that pathological fracture does not increase the likelihood of tumor recurrence, but the association was not statistically significant. O'Donnell et al.[@bib0150] reported that three (50%) out of six patients with pathologic fractures evolved with recurrence of the tumor. They concluded that there is a correlation between the occurrence of pathological fractures and tumor recurrence. Jesus-Garcia et al.[@bib0120] indicated that pathological fracture may be an important factor in the association with recurrence, since in its presence, the difficulty in performing effective curettage is greater. In their study, of the eight patients who presented recurrence, 50% had a pathological fracture.

In the present study, conclusion whether the chance of tumor recurrence was directly related to the presence of pathological fracture was not possible. However, the authors believe that contamination of the soft tissue by the tumor, as is the case in Campanacci [III]{.smallcaps} and pathologic fracture, is a risk factor for tumor recurrence.[@bib0120]

The use of denosumab has shown good results for the treatment of GCT. This drug inhibits the action of the RANK ligand, therefore decreasing the osteoclastic activity of the tumor.[@bib0175] Studies indicate a clinical and radiological improvement of the tumor after treatment with subcutaneous denosumab at a dose of 120 mg monthly, with additional doses on the 8th and 15th day of treatment,[@bib0175], [@bib0180] thus opening a new horizon in the treatment of this tumor. The possibility of controlling the disease after the use of this medication would allow more conservative surgeries, with less chances of recurrence.

Limitations of the present study include the small number of patients. GCT is a rare condition; accounting for an average of 5% of all primary benign tumors of the bone.[@bib0165] The study only included patients with Campanacci [III]{.smallcaps} GCT and those with pathological fracture diagnosis, which further limited the selection of cases. However, few multicentric studies with large numbers of patients were retrieved in the literature. Treatment methods and statistical analyses are different and there is a lack of randomized prospective studies.

Final considerations {#sec0025}
====================

GCT treatment (especially cases of Campanacci [III]{.smallcaps}) is still very challenging. The authors believe that, from the oncological standpoint, the best treatment method for locally advanced knee GCT is extensive resection with reconstruction of the bone defect using non-conventional endoprosthesis. Despite the improvement in intralesional resection techniques associated with intraoperative adjuvant methods, the risk of relapse remains high. Due to the complexity of the treatment and its consequences, patient should be aware and well informed about the possible complications and functional losses that may occur as a result of the treatment chosen, as well as the need for new surgical interventions in the medium and long term.
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